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Variation of Longitudinal Ultrasonic Wave Velocity in the Presence of a
Thermal Gradient; Part 1: 2D Theoretical and Numerical Models
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ARTICLE INFORMATION ABSTRACT

Ultrasound test is a widely used non-destructive method for determining the mechanical and
metallurgical properties of materials. In this method, ultrasonic wave velocity or attenuation coefficient
is measured and measurement accuracy is very important. In this paper, variations of longitudinal wave
velocity are studied in the presence of a thermal gradient both theoretically and numerically using a 2D
model. A linear temperature distribution is assumed and the length of the work piece and the
temperature of the hot side are considered as varying parameters. A new 2D theoretical model is
developed for this problem. The test piece is made of st37 steel. To evaluate the proposed equation, we
assume constant temperatures and the length of the work piece are varied in the range of 0.05-0.1 m.
Then, we study the effect of the temperature of the hot side from 398 -998 K. By ANSYS software, a
novel two-dimensional finite element model (FEM) is developed in axisymmetric state for this problem.
The results of the theoretical model are compared with those obtained from the numerical model and
very good agreement is observed.
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Fig. 1 Heat transfer method and transferring longitudinal ultrasonic
bulk waves in the presence of a thermal gradient by pulse-echo method
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Fig. 4 The effect of temperature T, on velocity Cp, Crzand (Cri+
Cr2)/2, theoretically
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finite element analysis
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Table 1 Required information for studying variations of Cy, in st37 steel

bl jlade Sl gs
298 To(K)
298 T1(K)
5920 C1(ms)
11.6x10° a(L/K)
-40.6x10° A(Pa/K)
210.8x10° E; (Pa)

8oyl azys (LalS 5 Cin s anlad Jsbo 312 Jgur
Table 2 The effect of work piece length on velocity C, and thermal

gradients a

a (K/m) Cpn (m/s) L (m)
-4000 5872.7 0.05

-3333.33 5872.7 0.06

-2857.14 5872.7 0.07
-2500 5872.7 0.08

-2222.22 5872.7 0.09
-2000 5872.7 0.1

(CT1+ CTz)/2 5CT2 Cn C& s p T, éuo )"l 3 J’»
Table 3 The effect of temperature T, on velocity Cy, Crzand (Cri+

Cn)/2
C (m/s) (Cr1t+ Cr2)/2 (M/s) Cra (m/s) T2(K)
5896.50 5896.45 5872.91 398
5872.70 5872.51 5825.03 498
5848.60 5848.17 5776.35 598
5824.18 5823.42 5726.84 698
5799.43 5798.24 5676.49 798
5774.35 5772.63 5625.27 898
5748.92 5746.58 5573.16 998
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Fig. 8 The signal obtained from the center of the work piece in the
second stage of the simulation process
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Table 4 The effect of work piece length on velocity C, in theoretical
and finite element methods

L Con-Theoretical Cin-rem Error
(m) (m/s) (m/s) (%)
0.05 5872.7 5854.9 0.303
0.06 5872.7 5854.8 0.305
0.07 5872.7 5861.98 0.183
0.08 5872.7 5861.18 0.196
0.09 5872.7 5860.4 0.209
0.1 5872.7 5862.37 0.176

Sgaome slizl 5 5,95 gy 4 Cn Sy 2 To oo 515 Jgur
Table 5 The effect of temperature T, on velocity Cy, in theoretical and
finite element methods

Tz Cin-Theoretical Cr-FeEM Error
(K) (m/s) (m/s) (%)

398 5896.5 5872.1 0.414
498 5872.7 5854.9 0.303
598 5848.6 5834.6 0.239
698 5824.17 5817.3 0.118
798 5799.43 5798.4 0018
898 5774.35 5780.3 0103
998 5748.92 5761.2 0214
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Fig. 7 The longitudinal ultrasonic bulk wave transmitted into the work
piece in the second stage of the simulation process
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Fig. 9 The effect of temperature T, on the velocity C, obtained from
theory and numerical analysis
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